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Abstract 
Reliable electricity and heat production as well as related issues are one of the components of the energy security. 
Considerable part of general energy sector consists of renewable energy sources, such as wind, photovoltaic (PV), 
biofuel and hydro. Thus, it is important to assess which renewable resources in the most efficient way should be used 
and which part of the subsequent energy sector should be covered by energy system of renewable energy sources. 
In the context of renewable resources the key criteria assessing energy security are the amount of unsupplied energy 
and the price increase of supplied energy for all possible disturbance cases. Various scenarios of renewable energy 
sources usage are analyzed in the article that help to predict which one of the scenarios would be the “best” in terms 
of the energy security and provides a possibility to forecast perspective development of the energy sector. 
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1. Introduction 
In recent years the European Union (EU) strongly promotes the use of energy from renewable energy 
sources (RES). The Directive 2009/28/EC of the European Parliament and of the Council indicated a 
target to reach particular share of energy from RES in its gross final consumption for 2020 for each EU 
Member State. According this Directive, Lithuania should achieve 23% energy generation from RES. 
In this context Lithuania successfully implements its commitments. In 2012 total share of RES used in 
the energy balance was 21.72%, which accounted for approximately 95% of its obligations. The best 
situation is in the electricity system. Until Ignalina Nuclear Power Plant (INPP) shutdown the majority of 
electricity was generated by INPP. But after shutdown INPP in 2010 the part of RES in 2012 increased up 
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to 29.3%: electricity generated from hydro power plants (PP) is approximately 18.6%, while from wind 
PP is approximately 10.7%. Especially huge increase is observed in the area of wind PP: from 2007 till 
2012 electricity generating capacity increased more than five times (Fig. 1a). Slightly moderate increase 
in terms of renewable energy was observed in the district heating system: from 2004 RES part in the 
district heating system increased in approximately 2% per year (Fig. 1b). Just in 2012 the increase was 
approximately 5%. It is possible to justify this achievement by the significantly increased natural gas 
prices for Lithuania. In 2012 Lithuania paid almost the highest natural gas price for Gasprom (Russia) in 
Europe. More comprehensive review of RES usage in Lithuania is presented in [1]. 
Fig. 1. (a) Electricity balances; (b) Heat balances
The increasing share of RES in energy production also affects Lithuanian energy security. Energy 
security variation dependence on RES is examined in this article using the methodology briefly described 
below. 
2. Methodology 
The methodology for the assessment of energy systems energy security in terms of system’s resistance 
to disturbances is briefly presented in the article. The methodology can be applied in a broad sense for 
both any energy sector of particular country or region as well as the individual energy system of this 
sector. 
RES also have a significant impact on the energy security as well as other energy sources. Since the 
recent developments of RES worldwide are extremely rapid, it is necessary to analyze how these 
developments will impact the energy security. There are no research conducted, were these effects are 
fully analyzed, and it is unclear how congestion of RES installed capacities affects the systems security in 
terms of energy security. 
The main objective of the article is to test the assumption – how RES affect energy security, i.e. to 
show that RES not only enhance energy security, but in some cases or from some time perspectives start 
to reduce it. Therefore it is a hypothesis that as long as RES do not take significant share in energy 
production of RES compared to gross final consumption, the development of RES is a positive factor and 
increases energy security to a certain level. However, when RES begin to dominate and take significant 
share in energy production, energy security level at some point reaches its peak and should start to fall. In 
order to test this hypothesis, energy security analysis methodology is applied, which is presented in more 
detail in previous studies [2, 3]. Energy security research using this methodology can be implemented 
step by step: identification and realization of threats to energy security; analysis of the disturbance 
development scenarios; formation of the prospective development scenarios of energy sector; economic-
optimization modelling of the energy sector development scenarios with disturbances; evaluation of the 
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disturbance consequences; calculation of the energy security coefficient (ESC); preparation of the 
conclusions and recommendations. 
3. Case study of the impact of renewable energy sources on Lithuania’s energy security 
3.1. Modelling assumptions and scenarios 
Application of briefly above presented model of RES development and its impact on energy security is 
performed for Lithuanian energy sector. It has been tested in various RES development scenarios in the 
sector. The current situation of RES in Lithuania was described in the introduction and scenarios are 
composed from 2013 to 2030. The situation in the Lithuanian energy sector in all analyzed scenarios is 
the same as in the basic scenario and starting from 2015 vary depending on the analyzed scenario. 
Three main scenarios (SC1, SC2 and SC3) were analyzed. Basic scenario is considered as the main 
scenario in which the Lithuanian energy sector is developing as it is intended until 2030. Major events 
and development projects in this scenario can be found in the National Energy Independence Strategy [4]. 
The first scenario (SC1) is considered the basic scenario. The following scenarios are composed in the 
basis of the basic scenario however the development of RES is significantly faster. In the second scenario 
(SC2), since 2015 RES installed capacities start increasing in the way that electricity production from 
RES is 5% more than in the basic scenario of total electricity consumption every year. In this way 
electricity production from RES in 2030 could reach 80% of total consumption in the second scenario. 
The third scenario (SC3) is very similar to the second, however in this scenario RES development is even 
faster and since 2015 RES installed capacities start increasing in such way that electricity production from 
RES is 10% more than in the basic scenario of total electricity consumption every year. In this way 
electricity production from RES in 2030 theoretically could reach 150% of total electricity consumption. 
Rapid growth of wind PP installed capacity in second and third scenarios cause issue of electricity 
reservation. In order to maintain sufficient reserves for electricity production variable costs of wind PP 
technologies are increasing depending on their installed capacity. 
3.2. Results 
The obtained results show that ESC in 2013 is 0.58 and it is the same for all analyzed scenarios since 
they begin to vary from 2015 (Fig. 2). In the case of the first (basic) scenario, implementation of already 
planned and under development projects would allow ESC reach the peak value of analyzed period in 
2016 (Fig. 2). From this particular year ESC would start to decrease due to gradual shutdown of the old 
Lithuanian power plant (LPP) and cogeneration PP units. Extreme drop in energy security in 2020 would 
be felt due to complete closure of the above mentioned units. ESC would be decreasing further if any new 
projects would not be implemented in the energy sector. 
In the case of the second scenario, from 2015 in the initial years there would not be significant 
difference in energy security level since RES installed capacity would not dominate. As far as possible 
the more noticeable difference from the basic scenario is presented in Fig. 2. In 2020 complete shutdown 
of old LPP and cogeneration PP units would cause negligible decrease since 2020 RES capacities would 
not be yet sufficient to completely replace the old LPP units in the energy production. However this 
decrease would be slight. About 2024–2025, when RES would reach significant share in energy 
production, ESC would start to fall and would reach 0.67 in 2030. In the case of the third scenario ESC 
would increase a bit faster up to a certain level than in other scenarios. In 2022 ESC would be almost 
equal to the second scenario ESC and would start decrease and this decrease would be more rapid than in 
the second scenario. In 2030 ESC would reach the level almost as in the basic scenario (Fig. 2). 
948   Juozas Augutis et al. /  Energy Procedia  61 ( 2014 )  945 – 948 
0.4
0.45
0.5
0.55
0.6
0.65
0.7
0.75
0.8
0.85
0.9
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
En
er
gy
 
se
cu
ri
ty
 
co
ef
fic
ie
n
t
Year
SC1 SC2 SC3
Fig. 2. Energy security coefficient of the analyzed RES development scenarios variation over time 
Such variation in the energy security level is due to issues related to energy reservation, uneconomic 
electricity production of biofuel PP in summer and threat of monopoly in biofuel market. But if renewable 
and especially grid technologies would be significantly improved in the future in terms of energy 
reservation, the energy security could be higher compared to the obtained results of analyzed scenarios. 
4. Conclusions 
Energy security investigation methodology briefly presented in the article allows the assessment of 
energy security of the energy sector development scenarios and to define impact of various energy 
production technologies on energy security. The application of the methodology by comparing 
Lithuania’s RES development scenarios leads to the conclusion, that RES development has a positive 
impact on energy security and increases it, however, to a certain level, when share of RES in energy 
production reaches about 60–70%. If this value is exceeded then RES start adversely affect the energy 
security due to a domination of one technology in energy production and increased probability of 
monopoly threat realization in the biofuel market which could lead to a significant increase in biofuel 
prices. 
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